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NUTRITIONAL COMPOSITION OF WATER HYACINTHS
GROWN ON DOMESTIC SEWAGE

B. C. WowLverron anp Reneceas O, MoDonaL !

A mutrionl analysis of water hyacinibs Rrawn in wewage wasiewalers was con-
ducted. Crude prosein uveraged 33,9% dry welghl in the keaves, where i wal
Mael concentmuiod. The aming scil content of witer hyncinth leaves was found
1o compare favarubly with thut of saybean und cotionseed meal. The vilamin and
mineral camient af diial waler liyscinths mel o exceeded ihe FAD recammended
daily sllowunce, |n many cases, I is concluded thal in fuvoruble chimalie tones,
®aled hyacinths grown in enriched mediums, sueh as sewape lapoons, could po-
tentially yerve sy i aubatiniiul diciary supplemenl or nuirlent source,

The water hyacinth, Eiefthorntia crassipes (Man.) Solms, has perhaps been the
subject of more intensive study than any other aquatic plant in recent years. A
native of South America, this Moating mquatic species has adapted exceedingly
well to almost every area into which it has been introduced. In the southern
United States, it is the number-one aquatic plant pest species. Due 1o its vege-
tative reproduction and exiremely high growth rate, waler hyacinths spread rap-
idly, clogging drainage ditches, shading oul other aguatic vegetation and inter-
Tering with shipping and recreation (Holm et al., 1969, Raynes, 1972). Much efTort
and many dollars have been devoted to the contral of this prolific weed (Bules
& Hentges, 19765,

In the last several years, many investigators have directed their rescarch en-
deavors to the utilizalion of the water hyacinth. Several selentists (Cornwell et
al., 1977; Miner et al., 1971; Rogers & Davis, 1972; Sheffield, 1967: Waolverton
& McDonald, 1976c) have considered the water hyacinth as o potentinl bialogical
ugent for treating sewage wastewiters und feedlol operations. The waler hyacinth
is particularly well-suited Tor this purpose, becnuse 01 is extremely productive
(Wesiluke, 1963, Waolverton & McDonuald, 1976¢) and feeds directly from the
waler via its extensive root system. Wolverton and MeDonald {1976¢) repaned
prowth rutes as high as 17.5 metric tons of wetl biomiss per hecture per day
tapproximalely 0.88 metric tons dry matter per hectire per day, based on an
estimaled 5% solids per wet weight) when witer hiyacinths are grown in domestic
sewage lagoons during the warm summer months,

In erder to mukimize the efficiency of nutrient removal by water hiyuciaths, ihe
plants should be periodically harvested as they become suturted with eXCESS
nutrients. Ideally, the harvested plani mmterial should be wtilized, in order (o
defray the costs of removal. Various investipalors have proposed wsing harvesied
waler hyacinths as food supplement both Tor caltle (Baldwin et al,, |974) wnd
humans (Walverlon et ul., 1976), us a soil udditive (Grach, 1965; Parra & Hor-
tenstein, 1994; Wolverton & McDonald, 1976a), as a source of paper and fiber
{agnall et al., 1974), wind s un energy source (Wolverton & Meclonald, 1976
Wolverion et al., 1975), The use of waler hyacinths as a food source appears
maost promising. Gossel and Morris (1971) have demonsirated a delinite relation-
ship belween nutrient availubility and the nitrogen and phosphorus content of
water hyacinths, Haller und Sutton (1973) analyzed water hyacinths grown in
nutrient solutions with different phosphorus concentrations and found that (he
phosphorus content of the planis increased as the phosphorus content of the
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water Increased up 1o a maximum level of 40 ppm phosphorus in the wuler.
Because the nutrient composition of water hyacinths is generally proportional 1o
the nuerient content of the medium in which the plants are grown, sewuge-grown
water hyacinths should be particularly high in protein and minerils.

Since 1975, NASA (Wolverton & McDonald, 1976¢) has been experimenting
with the use of water hyacinths ns a biological treaiment method for domestic
wastewaters. In this paper, we preseni the resull of nutrienl anilyses of waler
hyacinths grown on four experimentul sewnge lugoons in southern Mississippi.

- Most workers investigating nutrient conlents of the water hyacinth have analyzed
whole plant tissue, We have examined the relative nutrient contributions of the
roois, stems, and leaves. Analyses for vitaming and minerals were also per-
Formaed.

MATERIALS AMD METTIOES

The four sewage lagoons into which we have introduced waler hyucinths wre
located in southern Mississippi. Two are located on NASA's National Space
Technology Labaratories (MSTL), Bay St. Louis, and the other lwo serve small
communities in the area, Mutrient loading rates are presented in Table 1.

Pants were collected in lale summer on the same date from four domestic
sewape lagoons that had supported the growth of water hyacinths since spring.
The plants were thoroughly washed with tap waler, The leaves, stems i ros
were separated from hall the plants; the remainder of ihe planis were lefl intact.
All samples were dried in an oven at 100°C for 24 hours and ground o an even
consislency in a blender. The plant powder was analyzed for vitamins, minerals,
aming acids, ash, fAber, and fat.

Analyses Tor vitamins, sullur, total Kjeldahl nitrogen, total phosphorus, crude
fitser, cther extract (fat), pepsin digestibility, and xanthophyll were done by Re-
search 900, 5. Louis, Missouri.

The crude protein was calculated as Kjeldahl nitrogen x 6.25.

The mineral analyses were determined by alomic absorption/flame emission
with an 1L 253 spectrophotometer following digestion of 0.50 g of plani material
in 10 ml concentrated nitric acid and 2 ml 309 hydrogen peroxide, A blank was
ulso analyzed for background correction.

Five-day biochemical oxygen demand (BOD;), 1otal Kjelduhl nlirogen (TKN),
and 1014l phosphorus analyses of the influent wastewater were performed ac-
cording to Standurd Methods (Franson et al,, 1971), To determine the averige
nutrient loading rates, two grab samples per week were collecied from the lagoon
influent. The samples were collecied for a period of one year from NSTL Lagoons
[ and 2 and over a six-month period from the other iwo lagoons.
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RESULTS AND DISCUSSION
GGreass Coelposiiton

As shown in Table 11, whole plunts from dilferent sumpling locations were
found 1o contuin Ty constan amosunts of Tut, Gber wnd ash; lindings e these
constituents were quite comparable with those reported by olher investigators
(Boyd, 1970; Parrn & Hortenstein, 1974), Phosphorus content and crude protein,
on the other hand, were found 1o vary considerably among the sampling sites.
This is ugain consistent with the findings of other authors, Boyd {19700 noted thit
the protein content of waler hyucinths declined with plant wge und viried greatly
among plants taken from different locations, in general reflecting the nutrien
content of the waters in which they ure grown. Gossel and Norris (1971) also
found that both the nitrogen and the phosphorus content of water hyuacinths
increased with increasing concentrations of these nutrients in the colture solution,
Our resulls corroborate (hese findings. Inspection of Tables | and Il reveals u
direct correlation beiween nutrient londing rate and crude protein ¢ontent of the
water hyacinths; that is, plants grown in lagoons with higher loading rites contuin
proporionally greater amounts of crade protein. At the highest nutrient louding
roles, the difference in percent crude pratein is less pronounced (eompare, lor
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Tyrosine 1.0% 037
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Cyileine 1y, dirk o,
Teypiuphan [ 30 0.6?
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Arginine TE 6l 4.7 34 52

® Hurlan, B, T, 1%, Humun Muidisen, MoGros: 10 ook Co., Mew York, p. 143,

example, Lucedale with Orange Grove, Tables | & 1), indicating that pliani pro-
tein is reaching w masinium level.

O reason that water hyacinihs are so elfeciive al removing excess nulrienis
is thal they exhibit lusury consumption, particularly of phosphorus. That is, they
will ubsorb miore of this nutrient than they con ulilize for growth, (Excess phos-
phorus is stored within the plant tissue.) In a study concerning the effects of high
phiosphores concentrution on growih of the water hyacinth, Haller and Sutton
(1973 found that this plant can absorb roughly four times more phosphorus than
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* Cotlonueed meal and sopbesn meal analysis supplied by Mivsissippi Stute University
* Easentisl aming seids. ;
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Fag, 1. Pardbaning of natients in sewage-growa witer hyacinihs from two locations,

other planis which hove been previously studied. These authors found that, at
moderate phosphorus concentrations (5-10 mg/), phosphorus within the plants
was concentraled mosily in the leaves and stems, while ol concentralions ex-
ceeding 20 mp/l, phosphorus wis disiributed more uniformly throughout the plant
tissue. We also found roughly 66% more phosphorus in the leaves and stems than
in the routs of the plunts we sampled (Fig. 1); phosphorus concentrution of the
influent water ranged from 8.47-%.70 mg/l.

Other plunt constituents also showed some punitioning within the plant lissue
(Fig., 1) For exumple, leaves were lound 1o contain the highest percentuge of
crude protein and the lowest percentuge ash. The stems contained the largest
portion of the plunt fiber, Thus, the lewves of the water hyacinth would produce
the greatest percent yield for protein extraction. However, this is somewhat mis-
leading; becuuse the slems comprise o much greater percentage of the total plunt
mass, they also contain a considerable amount of protein.
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A eoid compasition

The amino acid composition of water hyacinth leaves and stems collected in
September from Lucedale is presented in Table 111, The relative amounts of
certain amino acids differ considerably from those previously reported (Boyd,
1970; Taylor et al., 1971: Taylor & Robbins, 1968); apparently, the ratio of the
plant’s conslituent amino acids s strongly aMecied by :nvlmnmcnml varibles
and perhaps seasonal variables as well.

Comparison of the sming scid composition of waler hyacinth leaves with that
of grain crop species and the FAD reference pattern (Table IV) reveals that the
witler hyacinth would make un excellent protein source and could be used as a
digtary supplement 1o bulance the aming acid intake in a predominanily grain
diel. For example, water hyacinth could be used 1o supplement the lysine content
al @ corn diet for cattle or w rice diet for humans., A diet consisting mainly of
wheit coyld be enriched in lysineg, threonine, iseleucine, leucing, phenylalanine,
iyrosing, vialing, und wrgining by the sddition of wiler hyaginth prolein. As shown
in Tauble ¥, waler hyucinth leaves compare Favorably with the ¢rude protéin and
amino wcid contant of high protein crops such s cottonseed and goybenn.

& fisrerels airel wireing
The mineral composition of water hyacinths is presented in Tables V1 and Y11,
As shown o Table VI, most minerals are present throughout the plant tissue,

TanLe YilI
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Wilamins and nulricals Cuncestrution, dry weigh

Thiamine HC14B ) 591 ppm
Hibafavin (B, AT ppm
Wilamin [ 0 ppm
Pyroakline HCL [ Viesmin B, 15.2 ppm
Yilamin & 145 ppm
Chemicul niacin T4 ppm
Pumlcdbenic agid 55.6 ppm
Pepsia digewishilily £7.00%
Kunthoghyll 485 ppm
Wilamin B, 0.0) 26 ppm

{roots: 0682 ppmi
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Table 1X
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N L
Conlent por
U5, recommended 100 g driedd waler
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Thiamine L5 mg 054 mg
Ritaflnwin 1.7 mg 1T mg
Misgin N mg 194 mg
Wilamin E L, Joh |, L
Mandosihenle neld 10 g T R Mmg
Pyvoxidine HCL(Vitumin B 2 mg 1.5} mg
Vitanln By, LT 136 g
Calclum g 0754 g
Irom I wiige 4.8 mg
Mhosplisaes iy 0437
Mugnesium 4000 EdY my
Zing 15 mp X mg
Cupper R LT LK ang
Sodiumy Ura.4p i.E} g
Pistassium g LR
Sulfiar LT LN (UEL Y]

However, iron and, perhaps, copper and sulfur are concentrated in the roots,
while mugnesivm appenrs to be concentrated in the leal tissue, Mo loxic levels
of lead, silver, codmium or chromium were detected in the plant tissue. When
detected ot ull, the amounts of these substances were no grenter than those pres-
ent in soybein and collonseed meul.

The relatively high minerul content of the waterr hyucinth, comparubsle te (ha
of many crop species, suggests that this plant could make a good soil additive us
well as o dietary supplement. In 8 study comparing water hyacinth with com-
merciual fertilizer, Parca and Hortenstein (1974) found that water hyacinth appli-
cutions produced as good or better crop yields than did applications of commercial
lertilizers for certain soil types. Basak {1948) found that the nutrlent content of
water hyacinth compost was approximately four times greater than that of farm-
yard munure gnd iwice ws great as compost prepared from town refuse and night
s0il. The mineral values of our sewage-grown hyacinths are similar to those re-
ported by Parra and Horlenstein, except the Mississippi hyacinths contain slightly
mure sodium and considerably more calcium and copper than they reported,

The vitamin contents of sewage-grown witer hyacinth leaves are presented in
Table VIIL. Vitamins may be even more concentrated in other plant parts. For
exiumple, the roots contuin over 50 times the amount of vitamin B, that iy present
in the leaves, A comparison of the content of selected vitamins vnd minerals in
wiler hyacinths with that of the United States recommended daily allowance is
shown in Tuble 1X,

CORNCLUSIONS

Inspection of Tubles IV, V, and IX reveals thut the water hyucinth could be
an excellent source of proteins, vilwming, and mingrals, and could be of purticular
value us a dietary supplement in countries where human diets are generally de-
ficient In these nutrients. The high waler content of E. crassipes (95%) makes
utilization of this species difficull on a large-scale commercial basis. However,
wie feel that this Myt-growing plant species would be beneficinl to humun diets on
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un individual busis, because less than 3 kg of harvested, fresh water hyacinth
leaves could provide essentially all of the protein, minerals and vitamins required
daily in the human digt. We are currently esperimenting with low-cost harvesting
and processing methods which should mike the utilization of water hyucinth
nuiricnts more leasible on a large-scale basis,
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